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Abstract


The thesis entitled “Stereoselective synthesis of α,β-unsaturated δ-lactone containing natural products, Synthesis of 12-membered macrolactone and its C12 epimer and attempted synthesisis of Okaspirodiol” is divided into three chapters.

Chapter-I: Syntheses of 5,6-dihydro pyron-2-one (α-pyrone) containing natural products.
Section A: First stereoselective total synthesis of (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one.
This chapter is dealt with the first stereoselective total synthesis (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one.
 	Several 6-substituted 5,6-dihydro-2H-pyran-2-one having chiral hydroxyl groups on the side chain have been isolated from natural sources. They possess 1,3-diol (syn/anti) moiety and thus are presumed to be belonging to a group of polyketides biogenetically (Figure 1). The α,β-unsaturated-δ-lactone/α-pyrone functionality is presumed to be responsible for biological activities, such as plant growth inhibition, antifeedent, antifungal, antibacterial, and antitumoral properties. This is mainly due to its ability to act as a Michael acceptor, enabling it to covalently link to a target enzyme. The (6R)-6- [(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one (1) is one such natural product which was isolated from Ravensara crassifolia along with a structurally similar compound 3 (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one. Fascinated by its broad range of biological activity, displayed antifungal activity against the phytopathogenic fungus Cladosporium cucumerinum, structural diversity. 1 So we aimed to the synthesis of (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one (1).










Retrosynthetic strategy

The retrosynthetic analysis (Scheme 1) revealed that compound 1 can be obtained from 24 by oxidation, Horner-Wittig olefination subsequent deprotection and lactonisation. Alcohol 24 can be obtained via Yamaguchiprotocol by epoxide 11 opening with alkyne 18. Epoxide 11 can be prepared from enantiomerically pure epoxide 7 by opening with vinylmagnesiumbromide, protection, epoxidation and Jacobsen Hydrolytic Kinetic resolution. Epoxide 7 in turn can be obtained from 5-phenylpentanol by oxidation, one carbon wittig olefination, epoxidation and subsequent Jacobsen Hydrolytic Kinetic resolution. The alkyne 18 obtained from epoxy alcohol 16 by Yadav’s methodology and TBS protection. The epoxy alcohol 16 obtained from homopropargyl alcohol by Sharpless asymmetric epoxidation, reduction, formylation and PMB protection.  




Accordingly the synthetic efforts of 1 starts with the commercially available 5-phenylpentanol (4), oxidation under swearn oxidation2 condition [(COCl) 2, DMSO, Et3N, CH2Cl2, at -78 oC] to afford aldehyde then treated with one carbon wittig olefination in the presence of CH3+PPhBr-, n-BuLi in dry THF to obtain olefin 5 in 70% yield. Epoxidation of electron rich terminal olefin 5 was accomplished with m-CPBA in CHCl3 in 90% yield as racemic mixture 6. The racemic epoxide 6 was resolved using Jacobsen’s hydrolytic kinetic resolution.3 Firstly, the inactive Cobalt (II) was converted to Cobalt (III) by using aerobic oxidation with acetic acid in toluene. The reaction mixture was concentrated under reduced pressure, the racemic epoxide and water (0.55 eq) were added to reaction mixture at 0 oC and stirred for 16 h to afford 7 in 46% yield.

	The chiral epoxide 7 opening with vinylmagnesiumbromide in the presence of cuprous iodide in dry THF at -40 oC to obtained  homoallyl alcohol 8 in 76% yield. The homoallylic alcohol 8 was converted to its t-butyldimethylsilyl ether using imidazole, TBSCl in CH2Cl2 at room temperature for 2 h to give 9 in 95% yield. Epoxidation of electron rich terminal olefin 9 was accomplished with m-CPBA in CHCl3 in 92% yield as a racemic mixture 10. The epoxide 10 was resolved using Jacobsen’s hydrolytic kinetic resolution.3 Firstly, the inactive Cobalt (II) was converted to Cobalt (III) by using aerobic oxidation with acetic acid in toluene. The reaction mixture was concentrated under reduced pressure, the epoxide, water (0.55 eq) were added to reaction mixture at 0 oC for 16 h to afford 11 in 46% yield. The absence of olefinic protons in 1H NMR spectrum of product 11, presence of epoxide protons at δ 2.86-2.80 multiplet and 2.68, 2.39 doublet of doublet confirms the assigned structure. The LCMS shows the peak at m/z 199 [M+Na]+ as further confirmation of the product.  



The requisite chiral alkyne 18 was prepared from simple 3-butyn-1-ol 12 as shown in Scheme 3. Initially, hydroxyl group of 3-butyn-1-ol was protected as PMB ether with PMB bromide in presence of NaH/THF at 0 oC temperature to gave 13. Compound 13 was regioselectively formylated with paraformaldehyde in presence of ethylmagnesium bromide at room temperature to afford propargylic alcohol 14 (87%). In order to obtain required geometry compound 14 was selectively and partially hydrogenated under LAH in dry THF at 0 oC to gave allyl alcohol 15 in 85% yield. 1H NMR spectrum δ 6.97 and 5.87 as doublet of triplets with a coupling constant of 15.8 Hz indicating the presence of an internal trans double bond. Which was further confirmed by absorption peaks at 1662 and 723 cm-1 in IR spectrum. Further, [M+Na]+ peak was observed at m/z 245 in ESIMS, thus giving further proof of structure. Prime advantage of Sharpless asymmetric epoxidation is, one can synthesize the required chiral epoxide simply by altering the chiral ligands such as (S,S)-DIPT or (R,R)-DIPT. Since, we required the α-epoxide 16, so compound 15 was treated with (-)-DIPT in presence of Ti(OiPr)4 and cumene hydroperoxide as oxygen source in CH2Cl2 at -20 oC (Scheme 3)4 to obtain epoxy alcohol 16 in 81% yield. Compound 16 was confirmed from 1H NMR spectrum wherein the protons attached to the epoxide ring resonated at δ 3.09 (ddd, J 2.5, 4.9, 7.2 Hz, 1H), 2.97 (dt, J 2.5, 4.4 Hz), while the remaining protons resonating at their respectable chemical shifts. Chlorination of 16 by refluxing in CCl4 in the presence of triphenyl phosphine gave the chlorooxirane in good yield. Treatment of chlorooxirane with excess LDA in THF at –78 °C provided the α-hydroxy alkyne 17 via a double elimination reaction. 5
Finally, protection of 17 as its TBS-ether using TBSCl and imidazole in CH2Cl2 furnished the desired alkyne fragment 18. 1H NMR and 13C NMR and other analytical data were in accordance with the proposed structure of 18. For example, in 1H NMR the characteristic peaks for TBS-group appeared in upfield region (δ 0.11 (s, 3H), 0.14 (s, 3H), and 0.9 (s, 9H)) and for PMB-group in downfield region [δ 7.25 (dt, J 2.3, 8.6 Hz, 2H), 6.87 (dt, J 2.3, 8.6 Hz, 2H)]. The presence of the terminal alkyne group was confirmed as the 1H NMR showed the peak at δ 2.37 as a doublet with J 2.3 Hz, and it was further supported by the signals at δ 72.1 and 85.4 in 13C NMR spectrum. The mass spectrum supported the structure that revealed a peak at m/z 357 [M+Na]+ in ESIMS.



The next target was set to couple the two fragments by employing the Yamaguchi protocol.6 Reaction of 11 with the lithiated anion of 18 generated by the sequential treatmentwith n-BuLi, BF3.Et2O in THF at –78 oC afforded the advanced intermediate 19. Later, compound 19 on di desilylation with TBAF in THF for 4 h gave the triol 20 in 87% yield. Triol 20 was then converted to its 1,3-isopropylidene derivative using 2,2-DMP in CH2Cl2 catalyzed by PTSA to afford 21. In 1H NMR spectrum methyl groups of the isopropylidene group resonated as singlets at δ 1.35 and 1.33 each integrating for three protons. The stereochemical assignment of the hydroxyl groups was made based on Rychnovsky’s analogy7 wherein the 13C NMR spectra of 19 exhibited both the acetonide methyl carbons at 24.9 and 24.7 ppm and the quaternary carbon at 100.4 ppm, confirming the twist boat conformation of the acetonide, an adoption which is a characteristic of the anti-1,3-diol moiety. Selective reduction of the propargylic alcohol 21 proceeded smoothly with LAH in THF at rt to generate allylic alcohol 22. The allyl alcohol 22 was converted to its t-butyldimethylsilyl ether using imidazole, TBSCl in CH2Cl2 at room temperature for 2 h to give 23 in 97% yield. Later, deprotection of PMB ether in compound 24 in the presence of DDQ in CH2Cl2:H2O (19:1) at rt for 1 h to afford alcohol 24 in 79% yield. The alcohol 24 obtained was oxidized using iodoxy benzoic acid (IBX) in dry DMSO, CH2Cl2 at room temperature for 4 h to give aldehyde. The crude aldehyde was used as such without further purification and characterization.          
For the synthesis of δ-lactone the connecting moiety was two-carbon unit with Z
isomer. Usually stabilized ylides would give E-isomer predominantly irrespective of solvent used. Still et. al.,8 has developed a bis(2,2,2-trifluroethyl)(methoxycarbonyl methyl) phosphonate which was known to be the best reagent for the Z isomer formation under phase transfer conditions. Thus adopting the reported reaction condition, the potassium salt of bis(2,2,2-trifluroethyl)(methoxycarbonyl methyl) phosphonate was reacted with the aldehyde under phase transfer conditions at –78 oC for 30 min. to afford the cis olefin 25 in 79% yield along with some amount of trans-isomer (8%) with Z/E ratio 9:1. The 1H NMR of 25 showed the α,β protons appearing at δ 5.81 as d (J 11.3 Hz) and at δ 6.32 as multiplet the lower coupling constant (J 11.3 Hz) confirms the Z nature of the double bond. The molecular ion peak in the LCMS of 25 shows the molecular ion peak 553 [M+Na]+ and IR showed carbonyl absorbance at 1720 cm-1 in accordance with assigned structure. Now the total skeleton of the molecule was achieved in place and transformations would result in target molecule. The isopropylidene group and TBDMS ether of 25 was deprotected using PTSA (cat.) in benzene at room temperature for 6 h to complete the target molecule,  (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one 1 in 65% yield as a white solid. In the 1H NMR spectrum of 1 showed the disappearance of ester CH3, the appearance of the lactone hydroxy attached proton shifted downfield to δ 4.86 as q (J 7.5, 14.4 Hz), the olefinic proton δ 6.01 as d (J 9.8 Hz) and 6.88-6.80 as multiplet. The 1H NMR data of 1 is matching with the reported literature data, for instance mp 66-68 oC; (lit.1 mp 74 oC),  the rotation values for 1 is []25D +51.70 (c 0.25, CHCl3) {lit.1 []D = +59.00 (c 2.00, CHCl3)}. The molecular ion peak in the LCMS of 1 shows 367 [M+Na]+ further confirmed the product obtained.    
	In conclusion, the First stereoselective synthesis of (6R)-6-[(4R,6R)-4,6-dihydroxy-10-phenyldec-1-enyl]-5,6-dihydro-2H-pyran-2-one was accomplished by a combination of iterative Jacobsen hydrolytic kinetic resolution, Sharpless asymmetric epoxidation, epoxide ring-opening with chiral alkyne by Yamaguchi protocol and Horner-Wittig olefination as the key steps for installing the chiral centers of the 1,3-polyol system and subsequent elaboration to the α, β-unsaturated-δ-lactone moiety. 

Section B: Stereoselective synthesis of (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-
6-phenylhexyl]-2H-pyran-2-one.
This chapter is dealt with the stereoselective synthesis of (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one.



The homoallylic alcohol 8,9 ethyl acrylate were subjected to olefin cross-metathesis using Grubb’s second generation10 in CH2Cl2 at 40 oC to afford δ-hydroxy E-ester 26 in 85% (Scheme 7). The 1H NMR spectrum showed the presence of E-ester protons resonating at δ 6.95-6.86 as multiplet and 5.84 as doublet (J 17.3 Hz),  while rest of protons resonated at their expected chemical shifts, the LCMS showed peak at m/z 299 [M+Na]+ further confirms the formation of the product.

	
The δ-hydroxy E-ester 26 prepared by other method homoallyl alcohol 8 was dihydroxilated by OsO4, NMO in acetone:H2O to obtain diol then oxidative cleavage of diol in the presence of NaIO4, CH2Cl2, aq. NaHCO3 to gave aldehyde which was subjected to two carbon wittig olefination in benzene, reflux condition to afford 26 in 65%. The δ-hydroxy E-ester 26 subjected to oxa-Michael addition11 reaction in the presence of PhCHO, tBuOK in dry THF to afford benzyledene acetal ester 27 in 57% yield. Then controlled reduction of coumpound 27 by using DIBAL-H in CH2Cl2 at -78 oC  30 min to gave aldehyde which was treated with the potassium salt of bis(2,2,2-trifluroethyl)(methoxycarbonyl methyl) phosphonate was reacted with the aldehyde under phase transfer conditions at –78 0C for 30 min. to afford the cis olefin 28 in 79% yield
Finally deprotection of benzyledene acetal in Z-ester 28 using 60% AcOH at 60 oC for 3 h to afford diol which was then subjected to lactonization using PTSA (cat.) in Benzene at room temperature for 4 h to achieve the target molecule (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one 3 in 61% yield as a pale yellow solid. In the 1H NMR spectrum of 3 showed the disappearance of ester CH3, the appearance of the lactone hydroxy attached proton shifted downfield to δ 4.70-4.65 (m, 1H), the olefinic proton δ 6.89-6.81 as multiplet and 6.00 as doublet (J 9.4 Hz). The 1H NMR data of 3 is matching with the reported literature data, for instance mp 33-35 oC; []25D –65.5 (c 0.81, CHCl3); {lit.1 mp 37 oC; []25D  -66.0 (c 2.0, CHCl3)}. The molecular ion peak in the LCMS of 3 shows 297 [M+Na]+ further confirms the product obtained.    
	In conclusion, the stereoselective synthesis of (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one was accomplished by a combination of Jacobsen hydrolytic kinetic resolution, olefin cross-metathesis, oxa-Michael addition and Horner-Wittig olefination as the key steps for installing the chiral centers of the 1,3-polyol system and subsequent elaboration to the α, β-unsaturated-δ-lactone moiety.

Chapter-II: Stereoselective syntheses of 12-membered macrolactone and its C12 epimer.
This chapter is dealt with the Stereoselective syntheses of 12-membered macrolactone and its C12 epimer.

The preparation of collections of structurally diverse small molecules is a useful tool for studying biology and medicine with chemistry. Because of its medicinal importance there is more scope for development of new and efficient synthetic routes. Three new polyketide metabolites, the twelve-membered macrolides  (10S,12S)-10-hydroxy-12- methyloxacyclododecane-2,5-dione (1), and (6R,12S)-6-ydroxy-12-methyloxacyclodoecane-2,5-dione (3) were isolated Shen Y-M et al12 from the endophytic fungal strain Cladosporium tenuissimum LR463 of Maytenus hookeri. These Endophytic fungi were first found in pasture plants. Inoculation of watermelon and cucumber seedlings with non-athogenic endophytic colletotrichum magna rapidly induces systematic defense responses in plants, e.g., the production of peroxidase, phenylalanine ammonia-lyase, lignin, and salicylic acid.  







Retrosynthetic strategy

The retrosynthetic analysis (Scheme 1) revealed that compound 1 can be obtained from 17 by hydrogenation, oxidation and silylether deprotection. Macrolide 17 in turn, could be obtained from diolefinic ester 16 by ring closing metathesis using grubbs catalyst. Diolefinic ester 16 prepared from two fragments i.e alcohol 9 and acid 15 by Yamaguchi esterification. Alcohol 9 synthesized from ethyl lactate by oxidation, one carbon wittig olefination, hydroboration and oxidation subsequent anti-allylation. Acid 15 can be prepared from 1,4-butane diol 10 by protection, overoxidation and allylation. 


The olefin 5 was prepared from ethyl lactate 4 from literature procedure,13b olefin 5 subjected to hydroboration in the presence of BH3.DMS in dry THF to gave primary alcohol 6 in 87% yield. Later, oxidation of alcohol 6 under swearn oxidation3 condition (COCl)2, DMSO, Et3N, CH2Cl2, at -78 oC to afford aldehyde. Which on immediate reaction with allyltributyl tin, TiCl4 in CH2Cl2, at -78 oC to afford anti allylated product13 7 in 80% yield. Later, protection of alcohol 7 as TPS ether in the presence of TBDPS chloride, imidazole in CH2Cl2 at rt to gave 8 in 86% yield. Then deprotection of benzyl ether by using birch reduction condition (Li, liq. NH3, THF, at -78 oC) to afford key intermediate alcohol 9 in 68% yield (Scheme 2). The 1H NMR spectrum of 9 shows the absence of benzylic CH2 protons, while rest of the protons resonated at their expected chemical shifts, the ESI-MS peak at m/z 481 [M+Na]+ further confirms the formation of the product.


The acid 15 was initiated from 1,4-butane diol 10 as illustrated in Scheme 2. Thus, selective mono protection of 1,4-butane diol with 2,3-dihyropyran in the presence of PTSA (cat.) in CH2Cl2 at 0 oC for 1 h gave the THP ether 11 in 82% yield. Alcohol 11 on oxidation under swern conditions gave the corresponding aldehyde, which was subjected to Barbier allylation in the presence of Zn, allylbromide in THF at rt for 4 h to afford 12 in 90% yield. Protection of alcohol 12 with benzylbromide in the presence of NaH in dry THF at 0 oC to afford 13 in 95% yield. The 1H NMR spectrum of 13 shows the charectaristic benzylic CH2 protons at δ 4.58 as multiplet, while remaining protons resonated at their expected chemical shifts, the LCMS peak at m/z 304 [M+NH4]+ further confirms the formation of the product. 
Accordingly, depyranalation of 13 with PTSA (cat.) in methanol at room temperature for 4 h afforded the alcohol 14 in 90% yield (Scheme 2). 
The alcohol 14 was converted into acid 15 by a two step sequential oxidation, first to aldehyde and then to acid. Thus, oxidation of 14 under swearn oxidation condition [(COCl)2, DMSO, Et3N, CH2Cl2, at -78 oC] to afford aldehyde, which on subsequent further oxidation with NaClO2 and NaH2PO4, 2-methyl-2-butene in aq. t-butanol afforded acid 15 in 78% yield (Scheme 2). The 1H NMR of 15 showed signals corresponding to allylic CH2, acid attached CH2 was observed at 2.44-2.23 as multiplet and corresponding to olefinic protons was observed at  5.92-5.74, 5.20-5.06 as multiplet. Molecular ion peak observed at m/z 234 [M+H]+ in ESI-MS further confirmed the product. 




Accordingly, acid 15 under Yamaguchi14 reaction conditions in the presence of 2,4,6-trichlorobenzoyl chloride and Et3N in THF at room temperature for 2 h gave the mixed anhydride, which in turn was condensed with the alcohol 9 in the presence of DMAP in toluene at room temperature for 4 h to afford the ester 16 (Scheme 3) in 67% yield. In the present study on the first synthesis of 1, it was planned to undertake a macrocyclisation protocol for the macrolide ring construction instead of a macrolactonisation protocol. It was then planned to use of RCM protocol for the macrocyclisation step. In accordance with the synthetic strategy, finally, ester 16  on treatment with Grubbs15 second generation catalyst in CH2Cl2 at reflux for 12 h afforded 17 in 72% yield. Later, deprotection as well as double bond redunction of macrolide 17 by using Pd/C in MeOH under hydrogen atmosphere for 2 h to gave alcohol 18 in 82% yield. Then oxidation of alcohol 18 with dess-martine periodinane16 in CH2Cl2 at rt for 2 h to afford ketone 19 in 90% yield. 
Finally, deprotection of silyl ether by using HF.Py in dry THF at rt for 2 h to complete the synthesis of target compound 1 in 85% yield as white solide; mp 70-72 oC; []25D +68.1 (c 0.25, MeOH). The 1H NMR of 1 appeared at  4.98-4.81 as multiplet for lactone proton, 3.75 as pentate (J 6.75 Hz) for C-10 proton. {lit.11 colorless oil, []25D -54.5 (c 0.91, MeOH),  5.09-4.93 for C-12 proton as multiplet, 3.82-3.78 for C-10 proton as multiplet}. Moreover, the physical and spectroscopic data of 1 were different to those reported values of the natural product.11 
This synthesis thus implies that the proposed structure for macrolide 1 is incorrect. Hence, to arrive at the first synthesis of the macrolide natural product and to determine the absolute stereochemistry as well, yet another target molecule (2) synthesis was planned. 



The retrosynthetic analysis (Scheme 4) revealed that compound 2 can be obtained from 28 by hydrogenation, oxidation and silylether deprotection. Macrolide 28 in turn, could be obtained from diolefinic ester 27 by ring closing metathesis using grubbs catalyst. Diolefinic ester 27 prepared from two fragments i.e alcohol 26 and acid 15 by Yamaguchi esterification. Alcohol 26 synthesized from L-malic acid by oxidation, barbier allylation, syn selective reduction, subsequent regeoselective reduction. Acid 15 can be prepared from 1,4-butane diol 10 by protection, overoxidation and allylation. 

Accordingly, the known alcohol17 21, prepared by a literature procedure from L-malic acid 20, was subjected to swearn oxidation condition [(COCl)2, DMSO, Et3N, CH2Cl2, at -78 oC] gave the corresponding aldehyde, which was subjected to Barbier allylation in the presence of Zn, allylbromide in THF at rt for 4 h to afford 22 in 92% yield. Next, oxidation of alcohol 22 in presence of  IBX, DMSO, CH2Cl2, at rt to afford the corresponding ketone in 89% yield, which was subjected to diastereoselective kelation controlled reduction18 in the presence of LiI, LiAlH in dry ether at -78 oC to -100 oC to gave 23 in 72% yield. The physical and spectroscopic data were correlated to the literaturevalues. Later, protection of alcohol 23 as TPS ether in the presence of TBDPS chloride, imidazole in CH2Cl2 at rt to gave 24 in 95% yield. The 1H NMR spectrum of 24 shows the 10 additional aromatic protons in downfield region and 9 protons in upfield region,  the ESI-MS peak at m/z 465 [M+H]+ further confirms the formation of the product. 


Accordingly, cyclohexyledeneacetal deprotection in 24 using PTSA (Cat.) in methanol at room temperature for 4 h afforded diol 25 in 85% yield. Selective tosylation of diol 25 on reaction with p-TsCl and Et3N in CH2Cl2 at room temperature for 10 h furnished monotosylated compound in 87% yield. Further, the hydroxy tosylated compound on reaction with LAH in THF at room temperature to reflux for 1 h underwent an efficient reductive deoxygenation to afford 26 in 73% yield. In the 1H NMR of 26, the disappearance of tosyl protons was conspicuous, while the methyl protons resonated at 1.02 as a doublet (J 6.04 Hz). Molecular ion peak observed at m/z 391 [M+Na]+ in ESIMS further confirmed the product.
Accordingly, acid 19 under Yamaguchi reaction conditions in the presence of 2,4,6-trichlorobenzoyl chloride and Et3N in THF at room temperature for 2 h gave the mixed anhydride, which in turn was condensed with the alcohol 26 in the presence of DMAP in toluene at room temperature for 4 h to afford the ester 27 (Scheme 5) in 67% yield. Ester 27 on treatment with Grubbs second generation catalyst in CH2Cl2 at reflux for 12 h afforded 28 in 72% yield (Scheme 5). Later, deprotection as well as double bond redunction of macrolide 28 by using Pd/C in MeOH under hydrogen atmosphere for 2 h to gave alcohol 30 in 82% yield. Then oxidation of alcohol 29 with dess-martine periodinane in CH2Cl2 at rt for 2 h to afford ketone 30 in 90% yield.
Finally, deprotection of silyl ether 30 by using HF.Py in dry THF at rt for 2 h to complete the synthesis of target compound 2 in 85% yield as colorless oil (Scheme 5). []25D –52.2 (c 0.25, MeOH). The 1H NMR of 2 appeared at  5.10 (J 13.18, 5.86 Hz) as sextet for lactone proton, 3.79 (J 5.12 Hz) as pentet for C-10 proton. {lit.1 colorless oil, []25D -54.5 (c 0.91, MeOH),  5.09-4.93 for C-12 proton, 3.82-3.78 for C-10}. The physical and spectroscopic data of 2 were identical to those reported values of the natural product.11
                                                                                                                                                                                                               

Chapter-I: Attempted syntheses of Okaspirodiol.
This chapter is dealt with the attempted synthesis of Okaspirodiol.

Fermentation  Streptomyces sp. strain Go TS 19,19 which was isolated from a Bavarian soil sample and found to be most closely related to S. kanamyceticus.20         Spiroacetals occur ubiquitously in nature as subunits of miscellaneous natural products from different sources such as microbes, fungi, plants, insects, and marine organisms, and some of these compounds and their derivatives exhibit strong biological activities. Whereas the latter are highly functionalized, polycyclic compounds, various spiroacetals from insects are volatile, simple molecules and act as pheromones. In contrast, the biological function of several other naturally occurring spiroacetals has not been disclosed so far.




Retrosynthetic strategy

The retrosynthetic analysis (Scheme 1) revealed that the target molecule 1 can be obtained from 20 by deprotection and subsequent ketal formation. Ketone 20 could be obtained from 13 by acetonide deprotection and oxidative cleavage of diol, reduction of ensuing aldehyde and acetonide protection, then deprotection of benzyl ether. The compound 13 was achieved from epoxide-ring opening of 7 with 10. The epoxide can be prepared from glucose diacetonide 2 by diastereoselective hydroboration, protection, deprotection and selective tosylation and subsequently treated with base. Alkyne inturn, could be obtained from L- ethyl lactate 8. 



The glucose diacetonide 2 was oxidation under swearn oxidation condition (COCl)2, DMSO, Et3N, CH2Cl2, at -78 oC for 3 h to afford aldehyde then treated with one carbon wittig olefination in the presence of CH3+PPhBr-, tBuOK in dry THF at 0 oC for 5 h to obtain olefin 3 in 70% yield. Then olefin 3 was subjected to diastereoselective hydroboration in the presence of BH3.DMS in dry THF to gave primary alcohol 4 in 87% (two isomers 90:10) yield (Scheme 2).21 Later, protection of alcohol 4 with benzylbromide in the presence of NaH in dry THF at 0 oC to afford 5 in 95% yield.  The 1H NMR spectrum of 5 displayed signals resonated at δ 4.10 as multiplets and olefinic protons were disappeared, while rest of the protons resonated at their expected chemical shifts, the ESI-MS peak at m/z 201 [M+Na]+ further confirms the formation of the product. Accordingly, acetonide deprotection in 5 using 60% acetic acid at room temperature for 12 h afforded diol 6 in 85% yield. Selective tosylation of diol 6 on reaction with p-TsCl and Et3N in CH2Cl2 at room temperature for 10 h furnished monotosylate in 87% yield (Scheme 2). Subsequently treated with a base to afford epoxide 7. The 1H NMR spectrum of 7 showed the epoxide protons resonated at  2.86-2.80 multiplet and 2.68, 2.39 doublet of doublet to confirm the structure.
	The aldehyde 9 was prepared from ethyl lactate from literature procedure,21 the aldehyde was treated with CBr4, TPP, CH2Cl2 at 0 oC for 1 h to gave dibromovinyl compound, which was subjected to EtMgBr, THF at 0 oC for 1 h to afford 10 in 78% yield. 1H NMR showed the peak at δ 2.37 as a doublet with J 2.3 Hz to confirm the terminal alkyne.
The next target was set to couple the two fragments by employing the Yamaguchi protocol.13 Reaction of 7 with the lithiated anion of 10 generated by the sequential treatment with n-BuLi, BF3.Et2O in THF at –78 oC to afforded the advanced intermediate 11 (Scheme 3). The peaks corresponding to the benzyl and PMB ethers appeared in the expected region in the 1H NMR spectrum.Then  the alcohol 11 was protection with NaH, BnBr in dry THF at 0 oC for 4 h afford 12. The unsaturation was saturated by hydrogenation using PtO2, H2, NaHCO3 in EtOAc for 1 h to gave 13 in 95% yield.
Accordingly, deprotection of acetonide 13 with 5% H2SO4 in THF at reflux temperature to obtain diol 14. Then oxidative cleavage of diol in the presence of NaIO4, acetone:water for 30 min to gave aldehyde, reduction of aldehyde in the presence of NaBH4 in MeOH to gave diol 15. Later, diol 15 was protected with 2,2-DMP in CH2Cl2 for 3 h to obtain 16. Then deprotection of PMB ether with DDQ in CH2Cl2:H2O to gave alcohol and subsequently protected as TPS ether by TPSCl, imidazole in CH2Cl2 to afford 17 in 95% yield.



	
The benzyl ether was deprotected in the presence of Pd/C, H2 in MeOH to afford mixure of product 18 and 19. The secondary alcohol 18 was oxidized with IBX in DMSO, CH2Cl2 at rt for 2 h to gave the ketone 20 in 90% yield. 
Finally, in ketone 20 the protection groups were deprotected and subsequently subjected to acid catalyst we could not get the reported spiroketal 21. So we were done this reaction with different acid conditions discussed in Table 1. But we were unable to get the reported spiroketal 21.                                         . 
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